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In the Chilean mining town of Chuquicamata (Figure 4.1), labourers and their fam‑
ilies are being relocated. The settlement is dwarfed by the scale of the eponymous 
neighbouring copper mine, smaller even than the tailing ponds to which waste 
water is pumped. After retirement, pensioners from the mine typically live for only 
three to four years due to silicosis caused by the volume of dust inhaled during their 
employment. In the opening pages of Scorched Earth, Jonathan Crary writes of the 
inability of digital technics to moderate its consumption and metabolise its detritus, 
describing: “a world operating without pause, without the possibility of renewal or 
recovery, choking on its own waste” (2022: 2). In Chuquicamata, in the shadow of 
a mine operating 24/7, retired workers literally choke on the waste of connectiv‑
ity. In what follows, I broach the unsustainability of the digital by extending the 
opposition Crary establishes between, on the one hand, ceaseless operativity and, 
on the other, an inability to remediate the resulting waste: an opposition between 
operative and collateral landscapes.

Digital technologies are made from the landscape, their construction re‑shapes 
that landscape, and it is the effects of mining on landscape that primarily concern 
me here. From one perspective, the question of digital sustainability can be boiled 
down to this relationship between technology and landscape. How has the dig‑
itisation of our tools and technics impacted the planetary and ecological systems 
that enable abundant biodiversity, hydration, oxygenation, and habitation? Or, to 
frame the question in the implicit circularity of the spherical: can the biosphere, 
lithosphere, and atmosphere keep pace with the remediation required of them by 
the technosphere? The question is hardly new. In 1971, Lewis Mumford described 
industrialisation as “unlike organic systems” in that it “has no built‑in method of 
controlling its growth or modulating the enormous energy it commands in order to 
maintain a dynamic equilibrium favourable to life and growth” (1971: 127). And 
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in the same year, Howard Odum asked: “How much longer will the biological 
cycles in the uninhabited environments be able to absorb and regenerate the wastes 
and thus prevent self‑poisoning of waters and atmosphere?” (1971: 7). Odum is 
known as a pioneering ecologist, but as Tega Brain points out, “the history of ecol‑
ogy is enmeshed with systems theory and presupposes that species entanglements 
are operational” (2018: 153). This operative framing of environment is evident in 
Odum’s presupposition that the function of uninhabited regions is to absorb and 
regenerate human and industrial wastes.

Half a century later, Crary’s verdict on the concerns articulated by Mumford 
and Odum is damning: “Because the global economy no longer has any long‑term 
prospects”, he writes, “one, last, mad spree of plunder is now ongoing all over the 
planet” (2022: 27). Reading the current commentary surrounding energy transi‑
tion, it is hard not to connect this mad spree of plunder described by Crary to the 
oft‑repeated statistics regarding the resource requirements of the green economy. 
Guillame Pitron, for example, remarks that in the next three decades, humans will 
consume more metals and minerals than we have in the last 70,000 years (Glenny 
2022), while geologist Lucy Crane says that building clean energy infrastructure 
will require the production of 550 million tonnes of new copper: the same quantity 
as was mined in the last 5,000 years (2020). The clear message is that the cessation 
of fossil fuel extraction, so essential to avoid climate catastrophe, will require a 
massive expansion of mineral extraction. The construction of a renewable energy 
infrastructure is predicated on a sudden burst of rampant mining activity.

For Mumford, the mine has historically served as the testing ground of numer‑
ous mechanical inventions and social practices that were later implemented widely 

FIGURE 4.1  Sentinel satellite image of Chuquicamata town, mine and tailings.
Source: Copernicus Sentinel data (2023), processed by ESA, CC BY‑SA 3.0 IGO.
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throughout urban society. He lists: “the railroad, the mechanical lift, the under‑
ground tunnel, along with artificial lighting and ventilation … the eight hour day 
and twenty‑four hour triple shift” (1971: 147) as all originating in the mine. Fur‑
thermore, Mumford argues, it was mining that

originally set the pattern for later modes of mechanisation by its callous disre‑
gard for human factors, by its indifference to the pollution and destruction of 
the neighbouring environment … and above all by its topographic and mental 
isolation from the organic world.

(1971: 147)

More recently, Anna Tsing has proposed a similar argument based on the model of 
sugarcane plantations, insisting that “factories built plantation‑style alienation into 
their plans” (2017: 40). And the similarity between mines and plantations doesn’t 
end at their labour practices. For the vast majority of human history, mines have 
operated with a largely plantational logic, extracting a single metal commodity 
from a specific orebody, echoing the monoculture of the plantation. It is only rela‑
tively recently, with growing markets for by‑product metals, that mining has begun 
to diversify the commodities produced at each site, and even then, progress in this 
respect is still incremental. My focus on mining here follows Mumford’s assertion 
of the mine—and, to a lesser extent, Tsing’s of the plantation—as bellwethers of 
future industrial practices to ask: What might the consequences be of this pattern 
perpetuating itself in the present?

In Planetary Mine, Martín Arboleda writes extensively about recent, and likely 
future, developments in the mining industry resulting from “the synergistic effect 
of innovations in robotics, biotechnology, artificial intelligence, and geospatial 
information systems” whose confluence, he argues, have “exerted a fundamen‑
tal overhaul in the extraction and processing of minerals” (2020: 11). The conse‑
quence of these technological developments has been a consumptive surge enabled 
by automation and its concomitant exclusion of the human worker, and reduction 
in labour costs. In Mumford’s terms, this exclusion of human labour was a funda‑
mental premise of what he called the mechanical world picture, whose origins he 
perceived as being in astronomy:

The new world that astronomy and mechanics opened up was based upon a dog‑
matic premise that excluded from the outset not only the presence of men but 
the phenomena of life. On this new assumption the cosmos itself was primarily 
a mechanical system capable of being fully understood solely by reference to a 
mechanical model. Not man but the machine became the central feature.

(1971: 33)

He goes on to draw an explicit connection to industrialisation, stating “what began 
in the astronomical observatory finally ended in our day in the computer‑controlled 
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and automatically operated factory” (1971: 65). And indeed today, as Shannon 
Mattern has written (2021), the universalising model to which all natural and 
man‑made systems are analogised is less mechanical than it is computational. 
However, the computational world picture is not only a model or an analogy but 
can also be seen as materialising literally in the images streamed with mechanis‑
tic regularity by fleets of orbiting satellites. The world has become understood 
not just computationally but also as a picture. The inversion of astronomy into 
earth observation has produced a visual epistemics in which terrestrial condi‑
tions are demystified through the application of numerous ‘spectral indexes’: 
chromatic calculations that render variables such as vegetative health, mineral 
composition, hydration, and deforestation as pictorial functions (Cornford 2023). 
The implication of these imaging practices is not only that planetary health can 
be diagnosed pictorially, but that fixing the picture equates to fixing the planet. 
In the epistemics of remote sensing, landscape and image have become conflated 
with one another.

It is between these poles that the argument below unfolds: between the orbital 
images of earth observation and the underground extraction of its minerals, between 
the tailing ponds of northern Chile and the automated mines of the future: between 
operative and collateral landscapes.

Operative landscapes are spaces instrumentalised for industrial and agricultural 
production, logistics, manufacture, and so on. They are estimated to account for 
14.6% of Earth’s surface, or 50% of its land. Their history is surely as long as that 
of civilisation, and the development and character of various human societies is 
evident in how they have operationalised the landscapes they inhabit. The term has 
been taken up recently in landscape architecture, where it has been used to gesture 
to the spread of urban logistics beyond the city and into the hinterland (Brenner & 
Katsikis 2020), or in the very different context of community spaces with a shared 
sense of ownership (North 2012). But my interpretation here is considerably nar‑
rower and focused solely on the potential for landscapes to become automated 
within wider technological metabolisms as a consequence of being imaged. I use 
the term operative then in the sense of Harun Farocki’s operative image, where 
an image functions not representationally but as a stage of a machinic process. 
In thinking of operative landscapes, I am interested in how the operativity of an 
image becomes transferred onto its subject. As with the example of remote sens‑
ing above, when operative images monitor agriculture and infrastructure, do the 
landscapes they survey not also become operative within machinic systems? Jussi 
Parikka concisely describes this transference of operativity from medium to sub‑
ject, saying: “they look like geographic territories, yet they act like digital data 
operations” (2023: 170). In such contexts, the operative image becomes a lever that 
goes beyond replacing the eye in existing machinic processes—as was the case in 
Farocki’s earliest videographic examples—to impose a machinic paradigm on its 
contents, integrating them in the mechanistic, computational, and commoditising 
logics of the assembly line or supply chain.
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Collateral landscapes, on the other hand, are the inevitable consequence of 
industrial production. In the examples of mining discussed here, they are primarily 
tailings ponds and slag heaps, but conceived broadly could include landfill sites, 
disused quarries, e‑waste dumps, polluted waterways, the atmosphere, even the 
flora, fauna and bodies of workers at these sites. More often referred to as ‘sacri‑
fice zones’, these often irrevocably damaged environments are the toxic legacy of 
industrial operations. Tsing has used the term “blasted landscapes” (2014) to dis‑
cuss similar spaces, but whereas her focus was on landscapes of overt catastrophe 
such as Gulf of Mexico following the Deepwater Horizon blowout, my use of 
the term collateral here invokes mundane landscapes that are routinely laid waste 
by the industrial activities of extraction, refinement, manufacture and disposal. 
Eyal Weizman articulates this distinction clearly: “collateral effects are structural 
rather than accidental” (2017: 3). Whereas the blasted landscapes discussed by 
Tsing rightly generate considerable media attention and public outcry; collateral 
landscapes, often vast in scale—think, for example, of the Tar Sands in Alberta, 
Canada—are part of business‑as‑usual operations that have come to look on their 
own collateral as an ‘externality’ whose remedial ecological impact doesn’t factor 
in their profitability calculus. For a truly circular economy to be realised, the very 
concept of an externality is one of the few things that must be discarded.

Here though, I adopt the word collateral for the benefit of its double meaning. 
As an adjective, collateral denotes the unintentional consequence of an action, as 
in the military euphemism of collateral damage. But as an economistic noun, col‑
lateral is an asset or security, the inherent value of something owned which can be 
used as purchasing power. It’s worth noting that the (to my mind, highly dubious) 
economic practices implemented to mitigate climate change have so far relied on 
exactly this principle of leveraging collaterals against emissions, as with carbon 
offsetting where, for example, a forest’s existing capacity to sequester carbon diox‑
ide is traded as emissions quotas to industry. It is in this double meaning of col‑
lateral that the argument of this chapter is contained. Waste is collateral, in both 
senses of the term. Waste, tailings, and slag are all collateral by‑products of refining 
ores to their metallic elements, but they can also be conceived as collateral, as a 
resource to be recuperated. If the proposed circularity of the digital economy is 
to become more than a hypothetical model this collateral needs to be operational‑
ised. So, following Mumford’s assertion of the mine as a testing ground of future 
technics, we can ask: if we are genuinely on the cusp of shifting from a linear to a 
circular economy, from a carbon combustion economy to a sustainable model of 
renewable energy and material recuperation, then might we not already be able to 
see signs of this future emerging in mining practices?

Operative landscapes

In Harun Farocki’s Images of the World and the Inscription of War (1988), we see a 
photographic interpreter being trained to recognise the infrared heat signals around 
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parked aircraft to discern how long it is since they were flown, or even how long 
it was since an empty space was inhabited. When Farocki spoke of the operative 
image, he was not initially referencing this type of visual labour, but pointing to 
the insertion of images into already machinic processes, where they either replaced 
human oversight, provided remote scrutiny, aided automation, or served as proof 
(sometimes propaganda) of machinic efficiency. In these instances, the image had 
become one stage in an automated process, but in the 35 years between the com‑
pletion of Farocki’s film and now, the operative image has also encroached upon 
the labour of the photographic interpreter. The training documented in this scene 
is fast being outsourced to dataset training of machine interpretation, extending 
the automation from physical labour to inspectional labour, as Farocki later wrote 
“industrial production abolished manual work – and also visual work” (2001).

Codelco, the Chilean state‑owned company which runs the mine at Chiqui‑
camata, has not invested in automation technologies to the same extent as its 
wealthier multinational competitors, but elsewhere—particularly in Western 
Australia—the story is somewhat different. Rio Tinto’s ‘Mine of the Future’ pro‑
ject for example, launched in 2008 and now largely implemented at their Pilbara 
site in Western Australia, boasts of automation being employed throughout the 
extraction workflow. Autonomous drill rigs are operated remotely from 1,500 km 
away in Perth, with one employee simultaneously controlling three rigs. Here, the 
operative image has abolished the manual labour at the mine and replaced it with 
remote visual labour. Throughout this mineral supply chain, cameras and other 
sensors perceive the environment, relaying images or data visualisations aggre‑
gated from multiple apparatuses to their remote monitors, or simply triggering the 
next machinic sequence. Driverless tipper trucks run day and night at Gudai‑Darri, 
refuelled “using a vision sensing and direction system to locate the position of the 
truck’s fuel tank and connect it to the fuel nozzle” (Rio Tinto 2022). This automa‑
tion at the mine itself is then extended into their AutoHaul rail network. Through‑
out this chain, the image inhabits exactly the limited role originally described by 
Farocki, functioning to displace manual and visual work, and therefore decrease 
labour costs.

But, as the refined metal moves beyond a single site, or leaves one corporation’s 
control software, it enters as data into another network of operativity: that of logis‑
tics and shipping. In The Ruin, the Jewel and the Chain, Alejandro Donaire Palma 
discusses the integration of Chilean copper mining with international exports from 
the port of Valparaiso, where software developed by Spanish IT company Indra is 
used to systematise the logistics chain. The software in question, SILGOPORT, 
“position[s] and map[s] the physical and documentary flow of freight … integrat‑
ing different operators in interdependent processes” resulting in what Palma refers 
to as a “common territorial diagram” (2021: 22). The space between mine and 
port is mapped, not as a terrain or an environment but as a flow of commodities. 
The landscape is rendered first as a repository of resources and then as channel 
of communication for their export. And the software’s ownership demonstrates 
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the persistence of colonial power structures in determining the operative priorities 
with which those landscapes are viewed. The supply chain integration discussed by 
Palma is now also proposed to extend across the ocean, where, as Miriam Posner 
writes, “technologists in the shipping industry envision a near future in which one 
captain controls a fleet of crewless ships” (2022) whose position and conditions 
would be monitored by satellite imaging and geolocational data.

A similar scenario of the operative image inflecting future agricultural prac‑
tices could also be sketched with respect to Tsing’s model of the plantation. Since 
monitoring of farmland has become one of the most common commercial applica‑
tions of satellite imagery, connecting an infrared, daily pictorial analysis of soil 
moisture or leaf chlorophyll to an automated irrigation system seems a plausible 
and logical step for a high yield farm. To do so turns the landscape into a function 
of the image, optimising plant reflectance to correspond to a chromatic diagno‑
sis of health. Farming has operationalised landscapes for centuries, but continual 
feedback from orbital imaging has the potential to transform the paradigm of this 
operativity to something in which human decision‑making takes a back seat. In 
these two examples, the future potential to integrate the entire logistics chain for 
mineral and vegetal commodities is clear. From cultivation or drilling, through har‑
vest and export, managing supply to meet fluctuations in demand or vessel capac‑
ity can be monitored and automated through the integration of operative imaging 
technologies.

But image operations do not only enable extraction and logistics, as Martín 
Arboleda explains, they also precede mining operations: “the introduction of 
geospatial information systems to mineral forecasting and geological surveying, 
has allowed engineers to produce highly accurate representations of the subsur‑
face, making the extraction of low grade ore bodies profitable for the first time 
in history” (2020: 4). In contemporary geophysical prospecting, these mineral 
forecasts are produced by combining and visualising data from multiple sources. 
Drone‑mounted aerial surveys record multispectral photographs, producing a high 
resolution topographic mosaic of the site whose variable reflectance can be ana‑
lysed to determine the composition of any exposed rock. Colourised models of 
drill‑core samples are superimposed on this landscape, producing vertical profiles 
which can be stitched together with data from ground‑penetrating radar to map the 
strata beneath. Three‑dimensional visualisation software aggregates these multi‑
ple sources, enabling the volume of target minerals to be estimated. This complex 
and often protracted sequence of technical procedures applies a variety of data 
visualisation techniques to the landscape, and throughout images perform pivotal 
operative roles. These acts of data extraction—whether rendering areas of ground 
as chromatic values or counting microsecond variations in the subterranean reflec‑
tion of an impulse—all rely upon a numerical calculus that depicts the landscape as 
a series of coded values. Prospecting thereby extends the quantitative condition of 
digitality onto its subject: colour values denote mineral deposits whose volumetric 
values produce monetary value. These abstractions render the landscape itself as a 
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purely operative resource whose social, cultural, and ecological value is completely 
elided from, and obfuscated by, these machinic processes. In short, the digitisation 
of images hastens the quantification of that which lies in the frame. These com‑
puted images of the world, produced by the predictability of gravitational orbits 
that Mumford sites as the origin of the mechanical world picture, computationally 
model landscapes and planetary ecosystems.

The material and semantic consistency between the circuits and signals of the 
image and those of computation not only produces a world understood pictori‑
ally but also gives images a potentially decisive capacity. At present, the prospect‑
ing tasks described above are still performed by technicians, but the quantity of 
earth observation data currently produced begs the question of how long such an 
approach is practicable. In 1973, NASA carried out one of the earliest multispectral 
experiments, shooting continuously from Skylab using six synchronised cameras, 
each loaded with different 70 mm film stocks and fitted with different filters. Pro‑
ject scientist Kenneth Demel, interviewed on television, said that to photograph the 
same area by aircraft would produce “an almost unmanageable collection of photo‑
graphs” (1973), yet now, 50 years later, a similar quantity is transmitted daily from 
satellites. The sheer weight of this data necessitates computational aggregation and 
analysis. Digitisation has made the management of such vast image archives rou‑
tine, and the current, much‑hyped, advances in artificial intelligence are making 
machine interpretation of such image archives feasible. We may still be some years 
away from automated geophysical prospecting, but for many other data analytics 
industries, the term “actionable insights”—meaning computational conclusions 
drawn from a dataset—denotes the now commonplace inclusion of automated 
analysis in the decision‑making loop. This too is a consequence foreseen and cri‑
tiqued by Mumford, who wrote: “automation has a qualitative defect that springs 
directly from its quantitative accomplishments: briefly it increases probability and 
decreases possibility” (1971: 185). By its very nature, the machine aggregation 
of massive datasets leads to conservative conclusions that hug the mean. Tega 
Brain offers a particularly poignant example of this, in which the rapid depletion of 
atmospheric ozone was initially discarded as an outlier by NASA’s data processing 
(2018: 156). Automated decision‑making then is incapable of making paradigm 
leaps or of dramatically altering course, which—ironically—is exactly what is 
urgently required of energy and industrial policy.

From the use of spectral indexes in mineral forecasting, through the operative 
systems automating its subsequent extraction, to its logistical flow to and between 
shores, the future vision projected by current mining practices is one in which 
indexes of commercial value are tantalisingly close to being integrated with indexed 
global mineral reserves and indexed forecasts of mineral supply. We are moving 
from the mechanical world picture to a pictorially computed planet. Throughout 
this accelerationist’s dream of data‑driven extractive flows, investment is focused 
on expanding and intensifying automation at the beginning of the supply chain. If, 
as Mumford argues it once was, mining remains today a bellwether industry of our 
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future industrial trajectory, then it is hard to see how its present practices point to 
anything other than an intensification and automation of extraction. So, let us now 
turn to its obverse overburden, to the displaced wastes and discarded detritus pro‑
duced not just at the end of the supply chain, but throughout its various operations.

Collateral landscapes

In Chuquicamata, the health of mine labourers and their families is not the only 
motivation for their relocation. The evacuation of the town will also bring tangible 
economic benefits to Codelco. As the ore quality in the main pit gradually declines, 
the proportion of collateral to copper gradually increases, and the mine must 
expand. Once the houses of Chuquicamata lie empty, they will become engulfed 
in the operation of the mine, buried beneath its expansive spoil heaps. At this 
point, the housing of ex‑workers will become indistinguishable from the overbur‑
den they themselves hauled: the rubble of homes sedimenting beneath the rubble 
of unprofitable spoil. The mining town, the lives and community of its inhabitants, 
and the slag heap itself will all become collateral landscapes, folded together in a 
single site of valueless abandon.

The landscape surrounding Chuquicamata is so arid that the water used in pro‑
cessing the ore is recycled repeatedly by being pumped into tailings ponds after 
use, left to stand until the toxic sludge has settled to the bottom, then pumped back 
into the mine for reuse. This gravitational sedimentary process echoes the natural 
formation of mineral deposits in magma chambers by fractional crystallisation, 
where heavier minerals are deposited at the bottom of pooling magma. But, unlike 
igneous deposits of chromite and ilmenite, which are mined for their chrome and 
titanium, the sediment settling in tailings at Chuquicamata—whose weight belies 
its constituent heavy metals—is regarded as a waste material.

Tailings ponds and slag heaps are synonymous with mining, the inevitable 
collateral of refining ores into primary commodities. The realisation of a circular 
economy is currently predicated on a radical expansion of mining, but the collateral 
generated by this expansion remains a so‑called externality, and to assume that its 
volume will increase in direct proportion with the quantity of metal mined is naive. 
As Arboleda points out: “the economic profitability brought about by the smart 
and robotised mine, pales in comparison to its material footprint, as an average 
large‑scale extraction site produces up to 1000 times more solid waste than those 
working with older technologies” (2020: 11). The consequence of mining’s multi‑
ple automations has been to “radically upscale its metabolic processes” (2020: 10), 
enabling the profitable processing of far lower grades of ore. While the collateral 
damage to the bodies of mine workers are doubtless reduced by automation, its 
collateral landscapes proliferate dramatically. The inevitable result of processing 
lower‑grade ores is a disproportionate increase in both the quantity of waste and 
the energetic cost of refinement.
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The finely pulverised minerals known as tailings are the most reactive rocks 
on Earth and they are also abundant, with current estimates of global production 
between 10 and 14 billion tonnes annually. Yet evidence is fast accruing that many 
traditional waste materials of major ore extraction are rich in secondary com‑
modities that are suddenly highly valuable due the digital economy’s hunger for 
by‑product metals and trace elements. Geologist Eimear Deady, for example, has 
shown that Bauxite wastes, the red mud residue of aluminium refinement, can be 
reused for the production of rare earth elements (REE) and other critical metals, 
such as gallium (2020). And a similar study on the tailings of a closed tin mine 
in Indonesia has also demonstrated the presence of “abundant REE bearing min‑
erals” (Deon et al 2021). But it’s not only through reprocessing existing tailings 
that mining could circularly operationalise its existing collateral. The Mount Keith 
mine in Western Australia extracts nickel from ultramafic rocks, pumping the tail‑
ings into a pond almost 5 km wide. Here, Sasha Wilson found that the waste mate‑
rial carbonates naturally, sequestering atmospheric CO2 in the process. Although at 
present only 1% of the tailings material carbonates, this represents an 11% offset 
of the mine’s carbon emissions. If this could be increased to just 10% the mine 
would become a net zero emitter, and, if increased further, it could be operational‑
ised as a negative emissions technology (2021). What is fascinating about Wilson’s 
talk though is how she couches this untapped potential for carbon sequestration in 
economistic terms: as a “service” that could presumably be traded as an emissions 
offset.

Adopting an economic lens leaves the opportunity this finding represents hos‑
tage to the profit motive. Economics confuses, even conflates, viability with prof‑
itability, preventing the implementation of circular modes of production, as is 
currently seen in post‑consumer waste streams. The conductive coatings of touch‑
screens, for example, are made of indium tin oxide, a compound that uniquely 
combines the properties of transparence and conduction. Indium is a by‑product 
of the refinement of zinc from sphalerite deposits. At present, only 1% of global 
supply is currently recycled from end‑of‑life devices, because, for this process to 
become industrially viable—meaning profitable—the price of raw indium would 
need to exceed $700/kg. Without some multilateral consensus on the prioritisa‑
tion of resource consumption for energy transition, as Drew Pendergrass and Troy 
Vettesse point out, “markets decide whether the steel goes into wind turbines or 
luxury SUVs” (2022: 45). This absurd situation, in which valuable materials are 
discarded and profitability defines priority, is perpetuated by the failure to account 
for the collaterals, the so‑called externalities that can be discarded with minimal 
cost to industry, but long‑term costs to the environment. In her book on rare earth 
landscapes, Julie Klinger tackles this directly, stating:

There are no ‘externalities’ in geography: the very word reflects a way of think‑
ing that does not match reality. As residents in an integrated biophysical Earth 
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system, there is no part of the Earth that is external to our affairs. Pollutants do 
not respect boundaries, nor do our efforts to acquire the elements essential to 
contemporary life.

(2017: 8)

These collaterals, the structurally neglected negative effects of industrial extrac‑
tion, are not externalities but raw materials. The logic of thinking their carbon 
sequestration capacity as an economic service means that their current neglect and 
negative environmental impacts should be considered costs. If we are to place these 
materials back inside an economic frame, then perhaps we should also think them 
in semantically economic terms: shifting them from collateral effects to collateral 
assets. For a circular economy to be realised, this collateral must become economi‑
cally internalised; it must be treated as a resource. Again, this thinking is not new. 
Odum observed that “the high concentration of chemical substance in [human] 
wastes are actually rich reserves of energy” (1971: 291) (a proposition which has 
been speculatively realised in artist Martin Howse’s recent Tiny Mining project 
(2020)). For Tsing, capitalism excels at what she calls salvage accumulation, the 
co‑opting of “living things made with ecological processes … for the concentra‑
tion of wealth” (2017: 63). Yet, to date, the capacity of industrial processes to sal‑
vage their own collateral remains pitiful. Throughout the supply chain, unsalvaged 
externalities proliferate as unrecuperated energy, unrecovered metals, unseques‑
tered emissions, and unrecycled products.

According to Kate Raworth, this could be addressed through a “switch from 
taxing labour to taxing non‑renewable resources” (2020: 238), a policy that gets 
directly to the heart of the opposition established here between operative and col‑
lateral landscapes. Raworth argues that in a context where more than 50% of the 
EU’s tax revenue comes from labour, it is “no surprise that industry’s response 
has been to focus on increasing labour productivity by replacing as many workers 
as possible with automatons” (2020: 238). Shifting the burden of taxation from 
employees to resources could shift the material and financial investment currently 
expended in automating exploration and extraction of novel resources to one that 
prioritises energy efficiency, and maximises the exploitation of its own collateral. 
The research currently underway into the recycling of these collaterals—be they 
from mining or end‑of‑life digital devices—is taking place predominantly in aca‑
demic contexts, and at far from the necessary scale to make a significant con‑
tribution to planetary industrial metabolisms. That investments in automation far 
outstrip those directed towards recuperating and remediating by‑products, tailings, 
discards, and obsolete materials is a consequence of an economic policy which 
perpetuates the fallacy of externalities.

Towards an ouroborian economy

For her project The Iron Ring, artist Cecilia Jonsson harvested 24 kg of Imperata 
Cylindrica, an invasive weed also known as blood grass due to its scarlet tips, from 
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the banks of the Rio Tinto (Figure 4.2). The river owes its name and red hue to 
the quantity of iron dissolved in its waters, which flow from mountains that have 
been mined for their precious metal deposits for 5000 years. This dissolved iron 
is absorbed into the roots, stems and leaves of the grass, which, unlike many other 
plant species, proliferates in the acidic soil of the river banks. Having harvested the 
grass, Jonsson proceeded to extract its iron content: cleaning, drying and incinerat‑
ing it before smelting the iron from its ash. From the 24 kg of grass, she eventu‑
ally produced 2 g of iron which was cast into a single ring, whose circular shape 
reinforces the circularity of her process. Through this method, Jonsson proposes 
“a scenario for iron mining that, instead of furthering destruction, could actually 
contribute to the environmental rehabilitation of abandoned metal mines” (2014).

Imperata Cylindrica is what is known as a hyperaccumulator, a plant that thrives 
in soil whose metal content is toxic to most other flora by absorbing those metals. 
James Bridle has written about current research into the commercial application of 
this process—known as agromining—in Northern Greece, where three plants are 
being farmed for their ability to absorb nickel, an increasingly common metal in 
the cathodes of lithium‑ion batteries. These plants, he observes, were considered 
weeds and pests “until we realised that they were aligned with our own needs” 
(2022: 310). Their hyperaccumulating potential has suddenly endowed them with 
an operative function. And this shift in perspective, from weeds to crops, could 
be extended to the pollutants, effluents, and other collaterals discussed above. As 

FIGURE 4.2 � Cecilia Jonsson, The Iron Ring (2013). Documentation from the harvesting 
process.

Source: Photo by Linda Tulldahl.
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Bridle writes, such processes will never entirely replace the need to mine new 
materials. But, given their potential to both provide a secondary source of metals 
critical to energy transition and their capacity to reduce and remediate the environ‑
mental degradation of mining, such process has the potential to salvage valuable 
materials from waste and restore ecological balance in collateral landscapes.

In 1971, when both Lewis Mumford and Howard Odum questioned the planetary 
capacity to remediate its industrial devastation, Earth Overshoot Day —the date 
when humanity’s annual demand for ecological resources exceeds what Earth can 
regenerate—was estimated to have been on December 25th. Fifty years later, it 
was on August 3rd. To achieve the astounding expansion of mineral extraction, 
that is routinely quoted as necessary for energy transition, without rapidly decreas‑
ing consumption in other areas, will inevitably force this date even further beyond 
planetary boundaries. For circularity to be realised, the operative eye must be cast 
upon the vast volumes of collateral generated throughout the digital economy. 
Waste is a resource. Obsolescence is a choice. The wastage integral to extraction 
must become integrated into production. The snake must consume its own tailings.
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